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ABSTRACT
Mice and rat abundance is determined by a multitude of factors, including, but not limited
to: climate change, predation, and food availability. In this study, I analyzed the effects of daily
and long-term weather on rodent populations to understand a possible decrease in abundance
from 2016 to 2017 in Monteverde, Puntarenas, Costa Rica. I took observations of individuals
from four different sites: Santa Elena, Bajo del Tigre, Dwight and Rachel Crandell Memorial
Reserve, and the Estación Biológica Monteverde. While a considerable number of specimens
were captured in Bajo del Tigre, I observed the total abundance of rodents to be significantly
lower than that observed one year prior in the fall of 2016 in the same sites. Due to this disparity,
I hypothesized that climate change and weather could be affecting the populations. I obtained
rainfall data taken from the time period around each study period and monthly totals of both
2016 and 2017. I tested this data as a control against the number of rodents caught for each
respective study. For both years, the amount of daily rainfall was not statistically correlated to
the number of rodents captured daily. These results indicated that low catch rates were not
caused by daily rainfall in 2017; therefore, it is possible the population levels have been
decreasing over the past year. I went on to explore new hypotheses of long-term climate change,
coati interference, and food availability as possible explanations for a decreasing rodent
population.
Posibles efectos de los cambios climáticos a largo plazo y eventos climáticos extremos sobre
la abundancia de ratones en Monteverde, Costa Rica
RESUMEN
La abundancia de roedores está determinada por muchos factores, incluyendo, pero no
limitados a cambio climático, depredación, y disponibilidad de alimentos. En esta investigación,
analicé los efectos del clima diario y del clima a largo plazo en poblaciones de roedores, para
entender una posible disminución en su abundancia del año 2016 al 2017 en Monteverde
Puntarenas, Costa Rica. Propuse muestrear ratones en cuatro sitos: Santa Elena, Bajo del Tigre,
Reserva Dwight y Rachel Crandell, y Estación Biológica Monteverde. Mientras que capturé una
cantidad considerable de roedores en Bajo del Tigre, observé una abundancia total de roedores
significativamente menor que la encontrada el año anterior en los sitos mismos. Debido a esta
disparidad hipoteticé que cambios en clima y tiempo podrían afectar las poblaciones de roedores.
Obtuve los datos de precipitación para el periodo correspondiente a ambas investigaciones, así
como total de lluvia mensual de 2016 y 2017. Contrasté los datos de lluvia con el número de
roedores atrapados en cada estudio. Para ambos años, la cantidad de lluvia no se correlaciona con
la cantidad de roedores capturados diariamente. Estos resultados indicaron que la lluvia diaria no
fue la causa de bajas tasas de captura en 2017; y es posible que las poblaciones han disminuido
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en último año por otros motivos. Por lo tanto, exploré nuevas hipótesis considerando cambio de
clima a largo plazo, interferencia de pizotes, así como la disponibilidad de comida como posibles
explicaciones a la disminución de pequeños roedores.
Wildlife stability is often at the mercy of factors outside what we consider to be
“natural.” Abiotic factors and human interactions have shown to be major causes of fluctuations
in ecosystems. The basis of community ecology is that populations along with abiotic factors
directly affect other populations. The seasonal or yearly population abundance fluctuations of
different groups of fauna are a common and natural phenomenon. The effects from climate, food
abundance, habitat stability, human interaction, competition, reproduction rate, and predation are
just a few of the major factors that determine the population sizes from one cohort to the next. In
population ecology, predation is often used as the main model for a trophic cascade affecting
different prey species. However, it has been hypothesized that the predator’s control over a given
prey population is a façade, and the true control of both predator and prey populations is bottomup effects from abiotic factors (White 2013). Ecological theory indicates that climate and
weather can positively or negatively affect habitat and food availability. Researchers have gone
on to determine climate to be a stronger direct or indirect factor than predation or anthropogenic
influences in determining rodent population levels (Allen et al. 2018; Sipos et al. 2017).
According to previous studies done in Northern Europe, the effects of climate change,
particularly the changes in snowfall and winter weather, play roles in the oscillating pattern of
rodent abundance (Kausrud 2008).
In Costa Rica, the climate is generally consistent; the tropics have relatively nonfluctuating temperatures. While the north-western province of Guanacaste is subject to a dry
season due to the North East Trade Winds. Monteverde, Puntarenas is further inland and higher
in elevation, and therefore does experience high wind speeds, but does not greatly suffer from
extreme lapses of water. This allows for Monteverde to stay green year-round. However, climate
change is a prominent force affecting ecosystems all over the planet in noticeable ways. One of
the most evident consequences is the increase in the number and intensity of hurricanes and
tropical storms that are reaching landmasses, causing massive amounts of destruction to both
human and wildlife habitats (Trenberth 2011). Recently, Hurricane Nate (classified as a tropical
storm while affecting Costa Rica) brought down large amounts of trees and caused multiple
destructive landslides due to heavy rains and high wind speeds. These factors could contribute to
an environment not conducive to high densities of rodents that depend on near-tree burrows for
habitat and large amounts of fruits. While storms like Nate are clear evidence of climatic
disturbance, researcher J. Alan Pounds presented evidence, during an Education Abroad Program
night talk, that dry days are getting drier and the rainy days are getting wetter in Costa Rica. This
is also supported by other research analyzing how the warming of the atmosphere is allowing a
higher water holding capacity, which can cause extremes of both dry and wet regions (Trenberth
2011). This indicates that the long-term weather in Costa Rica is most likely experiencing
changes from climate change.
Whilst collecting data for preliminary observations, I found capturing rodents in
Monteverde to be difficult. This was both strange and interesting, as previous data indicated that
similar sites were once home to high densities of “catchable” rodents (Chinchilla 2009; Thoene
2016). As we learn more about climate change and its effects on daily and seasonal weather, we
begin to consider these factors when understanding why there appears to be a lapse in rodent

Effects of Climate on Rodent Abundance

Parker 3

populations in the Monteverde region. It raises the question: are rodent populations in
Monteverde affected by localized climate change and extreme climatic events?
MATERIALS AND METHODS
Field Data
I established locations at four sites of varying distances from each other to analyze
different populations of rodents. Site 1 was located in Santa Elena (SE) in the forested area near
the MegaSuper market. Site 2 was in the neighborhood of Bajo del Tigre (BT) near the home of
Frank Joyce. Site 3 was in the Dwight and Rachel Crandell Memorial Reserve (CR), and Site 4
was deep into the trails of the Estación Biológica Monteverde (EB) (Map 1). I rotated between
sites each night to minimize daily travel time and maximize attention to detail for each data set
per site. I set 17 Sherman traps each day in the afternoon around 3:00 PM and collected them the
following morning at 8:00 AM. I repeated this for three rotations, beginning 20 November 2017
and setting traps every night through 1 December 2017. On the nights of 20 November and 25
November, another student researcher joined me and there were respectively 36 and 35 traps set
those nights.

Map 1. Monteverde area indicating sites of study.

I set each trap by the base of a tree in an area with leaf litter, usually nearby a burrow or
hole, as the rodents like to forage and nest there. Each site contains this type of terrain, having
trees and other flora that could provide stable habitat and act as food sources. I set the traps
approximately two to three meters (around 10-15 steps) apart from each other, each with a
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mixture of rice, oat, and vanilla as bait. Lastly, I tied fluorescent flagging onto a living substrate
(tree, shrub, etc.) to help keep track of every trap.
In the mornings, I traveled to the respective sites and began to collect data. I firstly noted
the condition of the traps to observe if there had been any outside interference from other
animals or abiotic factors. Next, I collected the traps, folding down the unsuccessful, and began
to process those with a specimen. For each specimen, I placed the animal into a cloth sack. Using
a measuring tape, I took measurements of the length of the foot from base to tip of the longest
toe and the tail; I also took the weight of the specimen using a hanging scale. These physical
measurements were taken to gain an understanding of the morphologies of the rodents caught
and to use for individual differentiation. Lastly, I trimmed a section of fur on the lower back of
the animal as a marker as to avoid collecting data from the same individual twice. Finally, I
released the all animals to their site of capture and cleaned all equipment used.
Data Analysis
Along with my own data collection, I obtained data from previous studies done by
Chinchilla (2009) and Thoene (2016) pertaining to rodent populations. I also obtained
precipitation data for Monteverde from the Monteverde Institute and the personal records of
Frank Joyce and Katy VanDusen for the current year and past years. I studied if the amount of
rodents caught over a period of time varied with the amount of precipitation that occurred during
the time of the catch. To analyze the effect of rain on this sample, I determined the amount
rainfall for each “catch night” by adding together the amounts collected from the day the traps
were set and the day the traps were checked for specimens. I then graphed these values as a
control variable to the number of rodents captured. Furthermore, I analyzed the total monthly
rainfall for April through November of 2016 and 2017.
RESULTS
Overall, I set traps for 241 trap nights, with a total of 14 captured rodents over the four
sites (5.81% capture rate). My sample consisted of three different species: Peromyscus
mexicanus (Mexican Deer Mouse; MDM; n=2), Oligoryzomys fulvescens (Pigmy Rice Rat; PRR;
n=4), and Heteromys nubicolens (Spiny Pocket Mouse; SPM; n=8). Three individuals were
caught as recaptures: two Mexican Deer Mice, of which are not included in this data set, and one
Spiny Pocket Mouse, caught by a peer researcher on a separate catch night, which is included. I
captured eight females, one male, and two individuals whose sex could not be identified. I was
only successful in catching mice at two sites, Santa Elena and Bajo del Tigre (Figure 1).
However, at the Santa Elena site only one specimen was obtained (1.96% catch rate), and the
majority were captured at Bajo del Tigre (14.77% catch rate). For every trap night at Santa
Elena, the traps appeared to have been de-baited by rain or wind upon observations the next
morning. The traps at the Crandell Reserve appeared to be unaffected by outside wildlife.
However, at the Estación Biológica Monteverde, it appeared that coatis (Nasua narica) possibly
tampered with the traps, as they were found empty, broken, and at far distances from their
original placement site (Appendix Photo B). Furthermore, fellow student researchers found
coatis tampering with traps at their sites (Appendix Photo A). Two traps were lost during the last
trap night at the Estación Biológica (2 December 2017).
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Figure 1. Number of rodents caught per site in 2016 versus 2017 (Thoene 2016). Note that Santa Elena was not a
site for the Thoene’s 2016 study.

Thoene (2016) similarly gathered data in Bajo del Tigre, Crandell Reserve, and at the
Estación Biológica Monteverde and obtained a larger sample size (n=34; 16.92% capture rate)
(Figure 1). In 2009, Chinchilla conducted a rodent-based study at the Estación Biológica
Monteverde and similarly found the three species of rodents that I found in Bajo del Tigre, along
with multiple other species. His study found these species to be in higher abundances and at the
Estación Biológica (Table 1).
Table 1. The % of catches based on the number of successful traps at the Estación Biológica Monteverde in 2009
and in 2017. Key created by Federico Chinchilla: A=Abundant (80%<); C= Common (40%-80%); UC= Uncommon
(10%-40%); R= Rare (10%>); Not Seen (0%) (Chinchilla 2009).

Species
Peromyscus mexicanus
Oligoryzomys fulvescens
Heteromys nubicolens

Fall 2017
Not Seen
Not seen
Not Seen

2009
A
R
U

Furthermore, Thoene’s sample also consisted of higher abundance and species diversity;
it included the three-species captured in this study, along with Scotinomys teguina, Alston’s
singing mouse (Thoene 2016). I analyzed the rodent and rainfall data from 2016 and found a
very low correlation between amount of rain and rodents caught (R2=0.06279; Figure 2). Then,
using the same analysis for the data from the fall of 2017, I again found there to be a very low
correlation between the amount of rainfall and rodents caught (R2= 0.0335; Figure 3).
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Date
06-Nov-16
22-Nov-16
25-Nov-16
26-Nov-16
27-Nov-16
28-Nov-16
29-Nov-16
30-Nov-16
01-Dec-16
04-Dec-16

# Rodents
3
0
1
4
1
4
4
2
4
11
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Figure 2. The catch data from 2016, and the correlation between the amount of rainfall on catch dates and the
number of rodents caught in 2016 (Thoene 2016; Joyce et al. 2017).
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Date
21-Nov-17
22-Nov-17
23-Nov-17
24-Nov-17
25-Nov-17
26-Nov-17
27-Nov-17
28-Nov-17
29-Nov-17
30-Nov-17
1-Dec-17
2-Dec-17

# Rodents
2
0
0
1
0
5
0
0
0
6
0
0
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Site
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CR
EB
SE
CR
BT
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SE
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Figure 3. The catch data from 2017, and the correlation between the amount of rainfall on catch dates and the
number of rodents caught in 2017 (Joyce et al. 2017).

Furthermore, I analyzed the monthly rainfall data for both 2016 and 2017 (Figure 4). I
then found that the averages for both years were not statistically different (p=0.473), but through
the standard deviation, we can see that 2017 had higher rain extremes than 2016 (Figure 5).
Furthermore, it can be seen that the months of April, May, and October had large increase of
total monthly rainfall from 2016 to 2017.

Total Amount of Rain (mm)
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Figure 4. A comparison between the total monthly rainfall for April through November for 2016 and 2017
(Monteverde Institute 2017).
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Figure 5. The total monthly average per year and the standard deviation. The averages are not statistically different
(p= p=0.473), but the standard deviation for 2017 is larger than that of 2016.

DISCUSSION
Overall, I caught 14 mice at test sites Bajo del Tigre, Dwight and Rachel Crandell
Memorial Reserve, Santa Elena, and the Estación Biológica Monteverde. In the past, these sites,
excluding Santa Elena, have exhibited high rodent density. My original prediction was that an
increased amount of rainfall in 2017 would cause a higher amount of daily rainfall and result in
lower amounts of rodents caught. When graphed against each other, amount of nightly rainfall
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proved to have no significant correlation to how many rodents were caught on a given night for
both 2016 and 2017. This means, something must have occurred between the fall of 2016 and the
fall of 2017, as Thoene was able to capture specimens at sites where I was unable. These results
bring up a new question: what factors, other than daily weather change, could have contributed
to the decrease in number of catchable rodents, or rodent populations, in just one year’s time?
One hypothesis still relates to weather, but in a long-term form. By comparing the total
amount of rainfall for each month, I was able to qualitatively understand how month-month
variation can occur drastically over time. I calculated the overall monthly rainfall averages
between 2016 and 2017 and found them to be statistically similar. However, when comparing
data from April, May and October of both years, we can see that see that 2017 had a considerable
increase in rainfall during these months. This brings up the possibility that earlier in 2017,
increased rainfall could have contributed to decreasing food and habitat availability, leading to
decreased rodent populations. During the summer months, the populations could have begun to
recover, but Tropical Storm Nate caused a huge increase in the rainfall (314.5 mm) compared to
that of October 2016 (Figure 4). With the storm came massive amounts of destruction, seen in
the many fallen trees and landslides found in the aftermath. Many rodents could have been
initially killed during the storm by being caught in a landslide or another form of natural
destruction caused by high amount of precipitation and winds speeds. Along with habitat
destruction, food sources could have been drastically lost during the storm. Most rodents depend
on seeds for their diet; it is possible that many were displaced and killed during the storm. When
visiting the biological station at Pitilla only days after the storm, my study group qualitatively
observed a huge decrease in the amount of seeds. A similar decrease occurred after Hurricane
Sandy hit Haiti in 2011; farmers and scientists observed that fruits were in much lower
abundances, as they were knocked off trees by high-speed wind and heavy rainfall (Kolbe et.al.
2012). While this data would need to be quantitatively verified for Monteverde after Nate, it
supports the hypothesis that the storm could have altered the rodents’ food sources. If proven
with further testing, the effects of the storm could be a logical and valid explanation for the lack
of rodents in this study.
Something else to consider is the effect that other wildlife might have had on my study.
At the Estación Biológica Monteverde, I was unable to obtain any specimens over 51 trap nights.
However, in Chinchilla and Thoene’s respective studies, they captured many individuals (Table
1; Table 2). This indicates that at the Estación there was, at one time, a high enough amount of
species and a reduced chance of “outside” interference to catch high amounts of specimens.
Other than the storm, what else could have directly affected this study site to cause a decrease in
the number of rodents caught? One possible explanation is the high abundance of coatis at the
Estación Biológica Monteverde (personal observation). These animals are omnivores and are
known for eating food scraps left behind by humans. Every trap night done at this site resulted in
a majority of the traps being found empty, broken, and/or moved (Appendix B). Fellow student
researchers observed coatis tampering with traps in Curi Cancha (Appendix A). According to
Chinchilla, this high population of coatis is abnormal to the Estación Biológica Monteverde
(personal communication). While this is a qualitative observation and there is no census data to
support this claim, it could explain why this site was an unsuccessful site for catching rodents:
the traps become ineffective if the coatis break and de-bait them before a rodent comes along.
However, the presence of coatis does not explain the lack of rodents caught at the Crandell
Reserve, as there does not appear to be any population of coatis there, or at least no evidence of
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tampered traps. Still, this possibility of interference is worth considering when understanding the
catch rates of rodents in this study.
Despite the evidence of wildlife interference, it is clear that long-term weather effects and
extreme climatic events, such as Tropical Storm Nate, could serve as determining factors in the
hypothesis that climate change is affecting rodent populations. This study supports that
hypothesis. However, there is not enough data to confirm why rodent populations have reduced,
or at least have appeared to be reduced. Further data must be collected year-round, regardless of
the weather, and at a variety of sites. It would also be helpful for a future study to take census
data on the approximate amount of fruits available to rodents throughout the year. Of course, this
should all be done while keeping other community factors in mind, such as the effect of other
wildlife. Understanding how climate could directly or indirectly affect rodent populations could
provide insight to how climate change will continue to affect mammal populations, faunal
dispersal, and overall, entire ecosystems.
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APPENDIX
Photo A. Evidence of Coatis tampering with Sherman traps. Photo taken by Kathy Dao taken November 2017.

Photo B. Broken trap as a result of Coati tampering. Photo taken by Federico Chinchilla on 2 December 2017.

